In this paper a pressure based method is used for the numerical solution of two-dimensional incompressible Navier-Stokes equations without dimension. SIMPLE, SIMPLER (SIMPLE Revised) and Vorticity-Stream function methods are compared from accuracy and convergence speed aspects and results are analyzed for standard CFD test case-Derived Cavity flow.
Introduction
The fluid motion equations include equations of conservation of mass (continuity), conservation of linear momentum (Newton's Second Law) and energy conservation (the first law of thermodynamics). [1, 4, 5, 6] The differential forms of the equations are called the Navier-Stokes equations. In an incompressible flow, the density is constant and is not considered as unknown. In addition, the coefficient of Viscosity variation is insignificant and it is also assumed to be constant. Navier-Stokes equations of incompressible can be obtained from Navier-Stokes equations in Limit condition as ( → ∞) M →0. Generally, the equations of incompressible flows, [2, 7, 10] depending on the dependent variable, with two different formulations are presented, [13, 9] . http://www.ispacs.com/journals/cacsa/2015/cacsa-00047/ International Scientific Publications and Consulting Services
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2.1.1. SIMPLE algorithm SIMPLE algorithm is a basic method for solving the incompressible Navier-Stokes equations. The algorithm was first introduced by Patankar and Spaldyng (1972) and is basically a guess and pressure correction method in Staggered grid for solving the incompressible Navier-Stokes equations numerically. [2, 8, 11] . 
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Discretization schemes [ , ]
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Where A and B are defined as:
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Poisson Equation[ , ]
The pressure based method is applied by making changes in continuity and momentum equations and its result is Poisson equation for pressure or correcting the pressure that is used for satisfying the equation of continuity. 
Vorticity-Stream Function formulation
Solving the Navier-Stokes equations is done by the Vorticity-stream function algorithm and finite difference method, and this method is eventually used for solving the stream within a cavity with a moving boundary. [13] According to the definition, Vorticity at a point in flow, is twice the angular velocity. [9, 5] = | | = |∇ × | = − (2.28) 
TWO-dimensional Driven-Lid Cavity
Upper lid is moving with a velocity of u. The main goal is to solve NS equations inside the cavity to obtain the velocity field. [8, 5, 9] Figure 6: Driven Cavity (lid moving with u constants velocity)
Results
In this section the results of the numerical calculations are presented with three different methods as the results are equal. Differences between methods (accuracy and speed of convergence) are shown and compared [8] .
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Solve vorticity transport eq. converged 4.1. Vorticity-Stream, Driven Cavity, Re=500, Grid: 40×40 Figure 7 : Streamlines plot for driven cavity with Re=500 and 1:1 aspect ratio, grid size 40×40. [8] As it is shown, two rotations (vortices) appear in the corners of the cavity and an overall rotation of the whole hole is caused by the movement of its lid. It is noteworthy that the center of the total rotation and the size of the vortices in the corners changes by increasing the speed of the lid cavity, and thereby increasing the Reynolds unit. : Streamlines plot for SIMPLE ( and SIMPLER-because they are the same) calculation of driven cavity with Re=100 and different grid sizes and aspect ratios. [8] Here the Reynolds unit is considered very low (Re = 100). As it is shown, the size of the vortex in the corners of the rectangular cavity, with an apparent ratio of 1:2, is converted into a larger vortex (compared with the square hole) and also in the above figure with the apparent ratio of 2:3, which is closer to the square vortex, there are still small vortices can be seen in corners. Comparing these two figures with the square hole shows the fact that by changing the apparent ratio, the apparent strength and the size of the vortices can be changed. In practice this property is used to disrupt the flow in order to increase heat transfer.
Different Visualization
Convergence for SIMPLE and Vorticity-Stream algorithms
Figure 10: This figure shows how convergence changes during iteration steps. [8] Figure 11: This figure shows how convergence changes during iteration steps. [8] In these two figures, it is shown that the convergence processes of the SIMPLE and the Vorticity-Stream Function methods are the same to some extent. At the beginning of the convergence there are some fluctuations that are natural in repetitive methods, but in the rest of the process, convergence gets more stable. This figure can be a more general case of square holes. Obstacles are put in the way of the flow in order to trap the flow and in the applications of heat transfer to get more heat. Heat transfer can be increased in this way. But on the other hand this leads to pressure subsidence along the channel. So often the optimal coefficient value of heat transfer to friction coefficient is considered. http://www.ispacs.com/journals/cacsa/2015/cacsa-00047/
Calculation For Flows over Obstacles [8]
International Scientific Publications and Consulting Services Figure 13 : A Vortex-Karmann Street. Calculation made for Re=400 and grid size 119×40
In the passage of the flow over a cylinder, the vortices of the flow are created behind the cylinder. These vortices are symmetrical until Re = 40. But by increasing the Reynolds unit, the symmetry is broken and alternate vortices occur above and below the horizontal symmetry line. This phenomenon is known as Von Karmann.
